Abstract. 2014 The effect of correlations and ferromagnetic order on the bulk modulus K of the 3d metals is discussed using a second order perturbation treatment of the correlation. For elements in the middle of the series with a low density of states n(EF) at the Fermi level, ferromagnetic order, if possible, acts together with correlation to reduce K. The ferromagnetic elements Fe, Co and Ni lie towards the end of the 3d series and have large values of n(EF) in the non-magnetic state. For these elements the effect of ferromagnetism on K is found to be small and may act to increase K.
HAL Id: jpa-00231442 https://hal.archives-ouvertes.fr/jpa-00231442
Submitted on 1 Jan 1978
HAL is a multi-disciplinary open access archive for the deposit and dissemination of scientific research documents, whether they are published or not. The documents may come from teaching and research institutions in France or abroad, or from public or private research centers.
L'archive ouverte pluridisciplinaire HAL, est destinée au dépôt età la diffusion de documents scientifiques de niveau recherche, publiés ou non, emanant desétablissements d'enseignement et de recherche français ouétrangers, des laboratoires publics ou privés. Abstract. 2014 The effect of correlations and ferromagnetic order on the bulk modulus K of the 3d metals is discussed using a second order perturbation treatment of the correlation. For elements in the middle of the series with a low density of states n(EF) at the Fermi level, ferromagnetic order, if possible, acts together with correlation to reduce K. The ferromagnetic elements Fe, Co and Ni lie towards the end of the 3d series and have large values of n(EF) in the non-magnetic state. For these elements the effect of ferromagnetism on K is found to be small and may act to increase K. In a previous letter [1] we discussed the effect of d-electron correlation on the atomic volume and bulk modulus of the transition metals, and found that correlations give an increase in atomic volume and a decrease in bulk modulus, the effect being greatest in the middle of the 3d series. The bulk modulus was evaluated at the atomic volume of the uncorrelated system, and since dKldR is strongly negative in the transition metals, this underestimates the decrease in K due to correlations. At the atomic volume of the correlated system, the bulk modulus is given by the difference between this result and that of [ 1 ] having the following effect.
(i) In terms of the bandwidth in the absence of correlations, W = Wo e-qRo, equation (1) (1) and (2) of [1] .
(ii) An expansion of equation (1) Although a discussion of the effect of antiferromagnetism is clearly necessary, the above suggests that while in the middle of the 3d series long range magnetic order may act together with correlation in reducing K, its effect on the ferromagnetic 3d metals will be small and may even act to increase K. The difference between this result and that of Janak and Williams [2] and the similar one of Andersen et al. [5] might stem from the small volume dependence of the Stoner parameter found by these authors using the local density approximation to the exchange and correlation potential of the free electron gas. Although U and J in our model may vary with volume, the principal volume dependence in our model arises from the dependence of the interatomic electron hopping probability on the occupancy of the atoms involved, and it appears necessary to go beyond the local density approximation to include this effect.
